Hypertensive patients with diabetes exhibit an increased risk for cardiovascular complications, such as acute coronary syndrome, stroke, heart failure and chronic kidney disease (CKD). These two chronic diseases are linked to a high rate of morbidity and mortality and for this reason it is important for the clinician to recognize the need for effective treatment of hypertension, which can require combination therapy to achieve blood pressure (BP) goals. Direct renin inhibitors (DRIs) may be useful in combination with angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) as they provide a more complete blockade of the renin-angiotensin-aldosterone system (RAAS), effectively suppressing residual angiotensin II production and the counter-regulatory increase in plasma renin activity observed in patients receiving monotherapy with ACEIs or ARBs. Some questions regarding the action of aliskiren in cardiovascular and renal disorders are open. In particular, the combination therapy of aliskiren and a RAAS blocker in diabetic hypertensive patients with CKD is controversial. Several published studies demonstrated that aliskiren is suitable for once-daily administration and its antihypertensive effect is comparable or superior to that of other antihypertensive agents at recommended doses, with a good tolerability profile. At the moment the association with ACEIs and ARBs is not recommended in patients with type 2 diabetes mellitus (T2DM) and renal impairment even if a recent published open-label study of low-dose aliskiren (150 mg/daily) in association with ACEIs or ARBs has demonstrated a good tolerability profile without the adverse events found in other studies. This review provides a brief overview of RAAS blocking, in particular the rationale and clinical evidence supporting the use of the DRI aliskiren, in high-risk patients with T2DM.
Introduction
Diabetes and cardiovascular disease (CVD) represent two important and devastating diseases that continue to take a toll on millions of patients worldwide. Scientific evidence demonstrates that these two diseases are integrally related, in particular with regard to the underlying pathophysiological processes and ultimate clinical outcomes [Perk et al. 2012] . Patients with diabetes are two to four times more likely to develop CVD than those without diabetes, 80% of patients with type 2 diabetes mellitus (T2DM) will develop CVD, and more than 60% of these patients will die from CVD [Buse et al. 2012] .
Hypertension is the primary attributable risk factor for mortality, is reported in over two-thirds of patients with T2DM, and its development coincides with the development of hyperglycemia. Many pathophysiological mechanisms underlie this association. Of these mechanisms, insulin resistance in the nitric-oxide (NO) pathway, the stimulatory effect of hyperinsulinemia on sympathetic drive, smooth muscle growth, sodium-fluid retention, and the excitatory effect of hyperglycemia on the renin-angiotensin-aldosterone system (RAAS) are involved. In patients with diabetes, hypertension confers an enhanced risk of CVD [Ferrarini and Cushman, 2012] . A RAAS system blocker combined with a thiazide-type diuretic might be the best initial antihypertensive regimen for most people with diabetes. In general, the positive effects of antihypertensive drugs on cardiovascular outcomes outweigh the negative effects of antihypertensive drugs on glucose metabolism.
Despite the widespread impact of hypertension and its negative outcomes, blood pressure (BP) control in patients with T2DM remains suboptimal. Approximately 25% of adults who have hypertension are unaware of their condition, and more than 40% of patients receiving treatment do not achieve the modest goal of <140/90 mmHg [Egan et al. 2012] . The main classes of antihypertensive medications are thiazide-type diuretics, calcium channel blockers, β-blockers, angiotensin-converting enzyme inhibitors (ACEIs), and angiotensin II receptor blockers (ARBs). Agents in the latter two classes target the RAAS, which plays a significant role in regulating blood volume, arterial pressure, and cardiac and vascular function. ACEIs and ARBs are the second and fifth most commonly prescribed treatments for hypertension [Ma and Stafford, 2008] . RAAStargeted therapies also include direct renin inhibitors (DRIs) [Riccioni, 2011] .
The pharmacological inhibition of the RAAS can be obtained through three different basic mechanisms: (1) inhibition of angiotensin II (Ang II) generation from angiotensin I (Ang I), achieved through inhibition of angiotensin-converting enzyme (ACE); (2) inhibition of the action of Ang II at the level of its receptor(s); and (3) inhibition of Ang I generation from angiotensinogen (Ang) obtained by direct inhibition of renin [Cagnoni et al. 2010] . The rationale for the use of these three drug classes has steadily expanded beyond their proven efficacy as antihypertensive agents. In particular, they have been shown to provide special advantages in three groups of patients: those with heart failure, coronary ischemia, or nephropathy [Giovanna et al. 2012; Von Lueder and Krum, 2012] .
ACEIs block the action of ACE, a bivalent dipeptidyl carboxyl metallo-peptidase that cleaves the C-terminal dipeptide from Ang I and bradykinin. The use of ACEIs in the treatment of hypertension has steadily expanded as they have been shown to provide special advantages in a large group of hypertensive patients. ARBs displace Ang II from its specific angiotensin type 1 (AT 1 ) receptor, antagonizing all of its known effects and resulting in both a dose-dependent fall in peripheral resistance and little change in heart rate or cardiac output. As a consequence of this competitive displacement, the circulating level of Ang II increases and, at the same time the blockade of the renin-angiotensin mechanism is more complete, including any Ang II that is generated through pathways that do not involve ACE [Mentz et al. 2012 ]. An important and obvious difference between ARBs and ACEIs is the absence of an increase in kinin levels that may be responsible for some of the beneficial effects of ACEIs and their side effects. The compounds that block the vital stages of the RAAS cascade, such as ACEIs, ARBs, and aldosterone receptor antagonists, importantly, have extended our treatment options. However, the positive therapeutic effects of these compounds also have certain negative consequences. Administration of ACEIs and ARBs interrupts physiological feedback for renal renin release and leads to reactive elevation of circulating active renin and greater production of Ang I and Ang II, with subsequent return of aldosterone secretion to the pretreatment levels ('escape' phenomenon). These possible adverse effects of the intermediary products of incomplete RAAS blockade leading to organ complications have facilitated efforts to develop compounds blocking the initial stages of the renin-angiotensin cascade such aliskiren, which reduces plasma renin activity (PRA) and neutralizes hydrochlorothiazideinduced RAAS activation [Cagnoni et al. 2010] .
Aliskiren: the first DRI
Aliskiren is the first representative of a new class of oral DRIs with a high binding affinity for renin [Rahuel et al. 2000 ]. In healthy humans, aliskiren in doses between 40 and 640 mg exerts a dosedependent reduction in PRA, Ang I, and Ang II levels. The molecule is superior in reducing PRA compared with ARBs. Again, aliskiren at a dose of 300 mg decreases PRA in hypertensive patients by ~50-80% and reduces PRA and plasma levels of Ang I and Ang II for 48 hours [Campbell, 2008; Bruckner, 2007] . Following oral administration, peak plasma concentrations of aliskiren are reached within 1-3 hours [Vaidyanathan et al. 2006 ]. The plasma half-life of aliskiren in humans shows a slow terminal elimination at 23-70 hours and ~47-51% of aliskiren is bound by plasma proteins in humans, independent of the concentration. Based on in vitro studies, the major enzyme responsible for its metabolism appears to be cytochrome P450 (CYP3A4). Aliskiren does not inhibit the CYP450 isoenzymes (CYP1A2, CYP2C8, CYP2C19, CYP2D6, CYP2E1, and CYP3A), and the main elimination route of aliskiren is via feces in its unmetabolized form. Approximately a quarter of the absorbed dose also appears in the urine as unchanged compound; the pharmacokinetic and pharmacodynamic differences of aliskiren between Europeans and Japanese are minimal and no clinically important pharmacokinetic differences were observed between patients with T2DM and normal population: the half-life of this drug was 40 and 44 hours in healthy subjects and patients with diabetes, respectively [Waldemeier et al. 2007; Wuerzner and Azizi, 2008] .
Aliskiren is well tolerated by all age groups, including the elderly, and there are no indications to change the recommended dose of aliskiren in patients with hepatic and renal insufficiency because the peak concentration, area under the curve (AUC), and half-life were only slightly greater in patients with hepatic dysfunction. All agents that inhibit the RAAS activate the negative feedback loop that leads to a compensatory increase in plasma renin concentration. When this increase occurs during treatment with ACEIs and ARBs, the result is increased levels of PRA but during treatment with aliskiren, the effect of increased renin levels is blocked, so the levels of Ang I and Ang II, as well as PRA, are all reduced [Bruckner, 2007] . The clinical trials do not report any major adverse effects of aliskiren compared with ARBs or ACEs, being generally well tolerated by all patients. The most common adverse events of aliskiren are diarrhea, headache, nasopharyngitis, dizziness, fatigue, back pain, gastrointestinal disorders, rash, and renal stones [Oparil et al. 2007; Cheng, 2008] . Because aliskiren directly inhibits the RAAS, theoretically adverse events such as coughing and angioedema may also occur; as a matter of fact, few cases of edema involving the face, lips, tongue, hands, and whole body have been reported to involve more than 1% of patients treated with aliskiren, which also occur at a similar or greater extent in patients receiving placebo [Riccioni et al. 2009 ]. Aliskiren has the same contraindications as ACEIs and ARBs, including hypersensitivity reactions to the molecule, pregnancy, and bilateral renal-artery stenosis [Angeli et al. 2012] .
The treatment of the hypertensive diabetic patient
Hypertension is a major modifiable risk factor for cardiovascular morbidity and mortality in patients with T2DM. Lowering BP to 135/85 mmHg is the main goal of treatment of diabetic patients. A nonpharmacologic approach is recommended in these patients. If BP levels remain above the target despite nonpharmacologic treatment, drug therapy should be initiated. Blockers of the RAAS represent the first-line therapy and the cornerstone of the antihypertensive drug arsenal; however, in most diabetic patients, combination therapy is required [Hsueh and Wyne, 2011] . For this class of patients, a combination of RAAS blocker and calcium channel antagonists are the combination preferred by the treating physician [Volpe et al. 2011] . Often three or even four drugs are needed. Treatment should be individualized according to concomitant risk factors and diseases and depending on the age and hemodynamic and laboratory parameters of the patient [Grossmann and Messerli, 2011] .
Numerous clinical studies have demonstrated that hypertension plays a major role in accelerating the occurrence and progression of vascular complications associated with type 1 and type 2 diabetes. Risks for CVD, renal disease, retinopathy, and neuropathy increase significantly when hypertension occurs in association with diabetes [Sowers et al. 2001 ]. Diabetic nephropathy is the leading cause of kidney disease, affecting ~40% of those with type 1 or type 2 diabetes [Gross et al. 2005] . Proteinuria occurs in 15-40% of patients with type 1 diabetes and in 5-20% of patients with T2DM [Anothaisintawee et al. 2009 ]. In patients with T2DM, microalbuminuria or overt albuminuria is a stronger predictor of CV death than renal failure [Mann et al. 2001; Adler et al. 2003 ]. Ang II may contribute to renal disease progression; local expression of the RAAS and production of Ang II, especially in diabetic renal tissues, may also promote the development and progression of renal damage. Although several studies have shown that more complete blockade of RAAS through ACEIs and ARBs may offer more effective cardiorenal protection, they may be not so effective because of alternative pathways [Cooper, 2004] . In particular, Ang II can be generated through a number of pathways besides the classic system. Renin is still the key enzyme in angiotensin peptide generation and seems to be the only route to Ang I formation. DRIs may have some advantages in terms of specificity by blocking Ang I generation. So direct renin inhibition would be a logical approach to achieving complete blockade of RAAS activity.
Direct renin inhibition in the hypertensive diabetic patient

Aliskiren in monotherapy versus ARBs
In some recent important trials, aliskiren has also been shown renoprotective potential effect in patients with T2DM and albuminuria Riccioni et al. 2010] , the best available surrogate parameter in the treatment of diabetic nephropathy, associated with risk of renal and cardiovascular events [Fox et al. 2012 ].
In the Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) trial, Parving and colleagues evaluated the effects of dual blockade of the RAAS with aliskiren and losartan in 599 hypertensive T2DM patients with nephropathy [Parving et al. 2008] . Patients were maintained on losartan (100 mg daily) for the duration of the study and were randomized to receive a 6-month treatment with aliskiren (150 mg/daily for 3 months, then 300 mg/ daily for 3 months) or placebo. After 3 months of treatment with aliskiren (150 mg/daily), the urinary albumin:creatinine ratio (UACR) had decreased by 11% compared with placebo. Increasing the dose of aliskiren to 300 mg/daily caused a further decrease in the UACR to 20%. A nonsignificant difference in BP was seen between the treatment groups, suggesting that the renoprotective effect of aliskiren was independent of BP. There was no difference in the rates of adverse events, such as hyperkalemia, or discontinuation rates between the two groups.
In a subsequent double-blind, randomized, crossover study, 26 patients with T2DM, hypertension, and albuminuria (>100 mg/day) were randomly assigned to four 2-month treatment periods in random order with placebo, 300 mg aliskiren once daily, 300 mg irbesartan once daily, or the combination of two drugs in identical doses. In this study Persson and colleagues demonstrated that with the combination of 300 mg aliskiren and 300 mg irbesartan, the reduction in albuminuria was enhanced compared with the reduction obtained with the two monotherapies [Persson et al. 2009 ]. The added antiproteinuric effect with combination treatment compared with aliskiren alone was 31%. These two studies suggest that aliskiren plus an ARB may provide cardiorenal benefits that go beyond those solely attributable to lowering of BP.
Aliskiren in combination with ACEIs and ARBs
Although in clinical studies aliskiren has been proved to reduce proteinuria, the early termination of the Aliskiren Trial in Type 2 Diabetes Using Cardiovascular and Renal Disease Endpoints (ALTITUDE) confirms previous concerns about the full suppression of the RAAS, in this case with aliskiren combined with an ACEI or ARB, in patients with diabetes and concomitant renal impairment [Parving et al. 2012 ]. This study was undertaken to determine whether use of the aliskiren would reduce cardiovascular and renal events (cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, unplanned hospitalization for heart failure, end-stage renal disease, death attributable to kidney failure, the need for renalreplacement therapy with no dialysis or transplantation available or initiated, doubling of the baseline serum creatinine level) in patients with T2DM and chronic kidney disease (CKD), CVD, or both. In this double-blind trial 8561 patients were randomized to receive aliskiren (300 mg daily) or placebo as an adjunct to ACEI or ARB. The trial was stopped prematurely after the second interim efficacy analysis. The primary endpoint had occurred in 783 patients (18.3%) assigned to aliskiren as compared with 732 (17.1%) assigned to placebo. The effects on secondary renal end points were similar. Systolic and diastolic BPs were lower with aliskiren and the mean reduction in the urinary albumin-to-creatinine ratio was greater. In contrast the proportion of patients with hyperkalemia (serum potassium level ≥6 mmol/l) was significantly higher in the aliskiren group than in the placebo group (11.2% versus 7.2%), as was the proportion with reported hypotension (12.1% versus 8.3%). The authors concluded that the addition of aliskiren to standard therapy with RAAS in patients with T2DM who are at high risk for cardiovascular and renal events is not supported by these data and may even be harmful as a result of an increased incidence of serious adverse events in the aliskiren 300 mg arm.
Recently, Wu and colleagues added aliskiren (150 mg/daily) for 6 months in 103 Chinese CKD patients who had been treated with ACEIs or ARBs and still had significant proteinuria or uncontrolled hypertension . BP, serum creatinine, estimated glomerular filtration rate (eGFR), serum potassium, and spot urine UPCR were measured at 3 and 6 months after aliskiren add-on therapy and compared with baseline values. The combination of aliskiren and ACEI or ARB significantly reduced UPCR by 23% and mean arterial pressure at 6 months without significant changes in eGFR and serum potassium level. The authors conclude the addiction of 150 mg/daily of aliskiren on ACEI or ARB in CKD patients, both in diabetes and nondiabetes, has a favorable effect on reducing residual proteinuria and inadequately controlled BP, with a good tolerability profile.
Conclusion
Some of the remaining questions regarding the action of aliskiren on cardiovascular and renal disorders are open. In particular, the combination therapy of aliskiren and RAAS blocker in diabetic hypertensive patients with CKD is controversial.
Even if several published studies demonstrated that aliskiren is suitable for once-daily administration, its antihypertensive effect is comparable or superior to that of other antihypertensive agents at recommended doses with tolerability profile placebo-like at the licensed doses of 150 and 300 mg daily. Currently, combination therapy of aliskiren with ACEIs and ARBs is not recommended in patients with T2DM and renal impairment. Pending disclosure of full results, the early termination of the ALTITUDE study seems to confirm previous concerns about the safety of the dual pharmacological blockade of the RAAS in these patients, even if in a recent published open-label study of low-dose aliskiren (150 mg/daily) in association with ACEIs or ARBs has demonstrated a good tolerability profile without the adverse events seen in ALTITUDE (hyperkalemia) ].
The reasons for this discrepancy may be represented at least by two important aspects. First the dose of aliskiren used in the ALTITUDE trial (300 mg/daily) added to ACEIs and ARBs may be high. In fact, in the study by Wu and colleagues, even if it presents some limitations (open-label study without placebo, short therapy period), a lower dose of aliskiren (150 mg/daily) added to other standard therapies (ACEIs and ARB) has produced a good BP control without adverse events, in particular hyperkalemia . Second, like ACEIs and ARBs, aliskiren increases plasma renin concentration, reduces PRA and has an additional ability to downregulate the expression of the prorenin receptor (PRR) and the AT(1) receptor, adding novel mechanistic insights to our current knowledge. The PRR is a receptor for renin and prorenin, not only allowing local production of Ang I from angiotensinogen, but also inducing intracellular signaling [Jagadeesh et al. 2012] . Recent studies implicate that deletion of PRR results in the dysfunction of V-ATPase, suggesting that the PRR is essential for its role as a proton pump with exchange of many electrolytes such as potassium . Some questions remain unresolved, such as the potential effects of aliskiren on prorenin and its receptor-mediated Ang II-independent pathways, and the transduction network signals [Ichihara and Kinouchi, 2011] .
